The existence of a stable demand for money is very important for the conduct of monetary policy even in this new era of inflation targeting. It is argued that previous work on the demand for money in New Zealand has been either not very satisfactory in a number of ways or outdated. This paper examines the long-run determinants of the demand for M3 employing the Johansen cointegration technique and quarterly data for the period 1988:1-2002:2. This paper finds, inter alia, that the demand for money is cointegrated with real income, the spread between interest on money and on non-money assets, the expected rate of inflation, and the real effective (trade weighted index) exchange rate. JEL classification numbers: E41, E52, and C32.
Introduction
The existence of a stable demand for money in the long run is very important in the implementation of monetary policy even in this new era of inflation targeting (Hayo, 1999) .
New Zealand (NZ) experienced high inflation during the 1970s and the 1980s, reaching a peak of 18.4 per cent per annum in 1980. The Reserve Bank of New Zealand's (RBNZ) approach to monetary policy has undergone significant changes since 1984. After 1984 a large number of exchange controls, reserve ratios and direct controls of the operations of financial institutions were removed from New Zealand's financial system and the exchange rate was also floated. From the late 1970s to early 1980s, based on the assumption of a strong and persistent relationship between inflation and the supply of money, monetary policy was conducted by targeting the annual growth of monetary aggregates. However, from 1986 to 1988 the RBNZ conducted monetary policy through control over the "quantity" of cash made available to settlement banks (rather than its price) with no certain target for inflation (Huxford and Reddell, 1996) . In 1989 the RBNZ was given responsibility of curbing inflation in a written contract between the Bank and the Government, called the Policy Targets Agreement (PTA). According to a current PTA, on average inflation should not exceed 0-3 per cent on annual basis. It is important to note that from 1991 to 2002 the rate of inflation (excluding interest and GST) was within the specified range with the only exception being the year 2000.
By the beginning of 1996, a number of indicators such as the trade-weighted index (TWI) of the exchange rate, the shape of the yield curve (loosely defined as the 90-day/5-year yield gap), and monetary aggregates were considered prior to the implementation of monetary policy. In 1997 the RBNZ began publishing the so-called the Monetary Conditions Index (MCI) to convey an important message to the public that both interest rate and the exchange rate are important indicators of monetary policy. The MCI is a composite index consisting of both the TWI of the exchange rate and the rate of interest on the 90-day bank bills (RBNZ, 1998) . The checklist approach was also unsuccessful and finally discontinued in October 1996 due to the fact that the monetary conditions reached a "corner solution" in relation to the trade-off between interest rates and exchange rates.
As of March 1999, approach taken by the RBNZ to monetary policy has been to set the official cash rate (OCR) or the "price" of cash made available to settlement banks in the money market (Archer, Brookes and Reddell, 1999) . Prior to this, the monetary policy was mainly concerned with the "quantity" rather than "price". The OCR is now reviewed every six weeks and the RBNZ uses it as a leverage to lend or borrow as much overnight money as necessary to hold the market interest rate at the desired level. However, the TWI of the exchange rate and the shape of the yield curve are still regarded as important monetary indicators. Therefore, following many other OECD countries, inflation targeting has now become the prime goal of monetary policy in NZ. For a concise discussion of the operation of monetary policy in NZ see (Svensson, 2001) .
A number of studies have already been undertaken to investigate the demand for money in NZ. The review of literature on the demand for money in NZ briefly presented below indicates a growing consensus among economists that broad monetary aggregates should still be regarded as key indicators of monetary policy. However, given the specific characteristics of monetary policy arrangements in NZ, due consideration should be given to the choice of factors affecting the demand for money. Siklos (1995a and 1995b) examines the demand for money in NZ using quarterly data for the period 1981:1-1994-2. Given that he has identified a number of important issues, his findings are summarised below.
First, using the Johansen and Juselius cointegration technique, Siklos finds a unique cointegrating vector linking real M3 to income, the expected rate of inflation and the difference between the short-run interest rates in NZ and the US. He argues that because transactions on capital account have been deregulated, the demand for M3 should include this interest rate differential. His results indicate that one cannot reject the null of no cointegrating vector unless the US-NZ interest rate differential is included in the cointegrating vector. Second, he asserts that the most relevant price index for deflating nominal money is the consumer price index but this index should exclude changes in the cost of living associated with interest rates. Third, in his four cointegrating vectors, using various price deflators, he obtains an income elasticity varying from 2 to 6.
Siklos also includes the difference between NZ and the US interest rates directly in the VAR model, implying that this variable is completely endogenous in the system. One should note that macroeconomic variables in NZ (as a small open economy) cannot fully affect the interest rate differential. The present study acknowledges the importance of changes in the US interest rate on the demand for money in NZ and thus this variable is included in the VEC model or equation 3 in Section 2 prior to undertaking the cointegration test. Giles (1998) argues that the demand for M3 does not exhibit any sign of instability as long as both hidden and recorded outputs are included in the scale variable.
On the other hand, Razzak (2001) in his empirical analysis of money in NZ indicates that the correlation between money and real output is stronger than that of between money and inflation. He also asserts that there would be no inflationary pressures if the growth rate of money exceeds the growth rate of nominal GDP. Razzak estimates a Keynesian demand for money function linking real monetary base with real output and various types of interest rates. Following Siklos (1995b) , his study concludes that the NZ-US interest rate differential is a very important factor which can capture the openness of the economy.
While all the estimated income elasticities reported by Siklos exceed two, Razzak estimates the income elasticity to be very close to unity. Razzak's study concludes that the recent instability in the demand for money function can be overcome by incorporating the following important explanatory variables into the money demand equation: changes in asset prices, other interest rates, which are beyond the control of the RBNZ (like 10-year government bonds), and the expected rate of inflation.
de Brouwer, Ng and Subbaraman (1993) and Juselius and Hargreaves (1992) use Australian data and correctly conclude that the number of cointegrating vectors and their stability are very sensitive to the choice of scale variable, e.g. GDP or GNE (gross national expenditure), and the measure of money. Using the Johansen test, de Brouwer, Ng and Subbaraman (1993) have also examined various measures of money, different interest rates, and scale variables, and concluded that there is evidence of cointegration between money, income and the interest rate, particularly for broad money.
There are also two important studies by Orden and Fisher (1993) and Siklos (1997) that highlight the significant role and impact of financial innovations in the context of NZ. More specifically, Orden and Fisher (1993) investigate the dynamic impacts of financial deregulation in the 1980s on money, prices and output for NZ and Australia employing a VAR methodology. They use a standard Choleski-type of contemporaneous identifying restrictions imposed on the error correction model to obtain various impulse functions. On the other hand, Siklos and Eckhold (1997) specified two models capturing the behaviour of M3 velocity: a conventional velocity model and an extended velocity model. In the latter model they include a number of proxies for institutional change. Their empirical analysis leads to an important conclusion that institutional changes do matter and they must be incorporated to the velocity equation, particularly in the financial deregulation era.
The objective of this paper is to update the sample and address the problems and shortcomings associated with the previous work on the demand for money. The structure of the paper is as follows. In Section 2 a theoretical model is postulated which captures the long-run demand for money using the Johansen multivariate cointegration technique.
Definitions of the variables, sources of the quarterly data employed as well as the unit-root results using the Augmented Dickey-Fuller (ADF) and the Kwiatskowski-PhillipsSchmidt-Shin (KPSS) tests are presented in Section 3. This section also examines the associated issues with the choice of monetary aggregate and other relevant variables in this study. Section 4 presents the empirical econometric results for the long-and short-run demand for money, as well as policy implications of the study are also discussed in this section. Section 5 provides some concluding remarks.
Theoretical framework
Conventionally the demand for money in the literature (e.g. Ericsson, 1998 , Beyer, 1998 , Coenen and Vega 2001 , and Felmingham and Zhang, 2001 ) is specified as a function of real income, a long-run interest rate on substitutable non-money financial assets, a short-run rate of interest on money itself, and the inflation rate.
However, the problem with this specification is that it does not include a measure of exchange rate and a foreign interest rate both of which can capture the general process of financial asset substitution, particularly after the 1980s. Mundell (1963, p.484) conjectured that in addition to the interest rates and the level of real income, the demand for money should be augmented by the exchange rate. Ewing and Payne (1999) have investigated the incorporation of the exchange rate into the demand for narrow money equation in several countries. They utilise a standard cointegration technique to examine the relevance of the inclusion of the effective exchange rate in the money demand function. They suggest that "income and interest rate are sufficient for the formulation of a long-run stable demand for money in Australia, Austria, Finland, Italy, U.K., and U.S. However, for Canada, Germany, and Switzerland, the effective exchange rate should be incorporated" (Ewing and Payne, 1999, p.84 ).
There are a number of studies that have considered general process of financial asset substitution and justified the use of an exchange rate and a foreign interest rate in the analysis of demand for money in other countries. See, inter alia, Bahmani-Oskooee and Rhee (1994), Traa (1991) and Chowdhury (1995) . On this same issue McNown and Wallace (1992) highlight the importance of the exchange rate in the money demand function particularly for the period starting with the floating of the U.S. dollar. Based on their empirical investigation, they argue that a stable long-run demand function for M2 (but not for M1) cannot be obtained without the inclusion of the effective exchange rate.
Their important study lends "some support to Ronald I. McKinnon's hypothesis that nonstationarity in the demand for money can be resolved by inclusion of the exchange rate" (McNown and Wallace, 1992, p.107) . As can be seen all these studies are clearly in favour of both the currency substitution and capital mobility hypotheses.
Therefore it is very important to include the real effective exchange rate (er) and a measure of the long-term foreign interest rate (FR) in the money demand function.
However, FR (say the long-run US Treasury bond yield) is determined outside the Vector
Autoregressive (VAR) model formulated in this paper because it is plausible to argue that NZ as a small open economy does not have any influence over FR. Therefore, it is assumed that ∆FR (as a totally exogenous variable) enters the Vector Error Correction (VEC) model but not in the cointegrating vector(s). Thus, the long-run demand for money in this paper is specified as: 
where m is nominal money demanded, p is the price level, y is the real GDP-production as a proxy to capture transactions and precautionary demand for money, RL is the long-run rate of return on assets outside of money, RS is the short-run rate of interest on money itself, π e is the expected rate of inflation, and er is the real effective (TWI) exchange rate.
All variables shown in lowercase (i.e. m, y, er, and p) are in logs and the remaining variables (i.e. RL, RS andπ e ) are in levels. As a result, γ 1 and γ 4 denote the income and exchange rate elasticities of the demand for money, whereas γ 2 and γ 3 are semi-elasticities of (RL-RS) or the interest rate spread, and the inflation rate with respect to money demand, respectively.
The expected sign and magnitude of the coefficient for y is as follows: if γ 1 =1, the quantity theory applies; if γ 1 =0.5, the Baumol-Tobin inventory-theoretic approach is applicable; and if γ 1 >1, money can be considered a luxury. According to Ball (2001) , an income elasticity of less than unity has a number of implications for monetary policy.
For instance, one may conclude that the Friedman rule is not optimal in this case and the supply of money should grow more sluggishly than output to achieve the goal of price stability (Ball, 2001, p.36) . For a detailed discussion of controversy about the quantity theory see Laidler (1991) .
It is also expected that RL, as a proxy for the yields on outstanding government bonds, has a negative sign, whereas the coefficient for the short-run rate of interest is positively correlated with money demand. Following Felmingham and Zhang (2001) , the expected annualised rate of inflation π e =∆ 4 p t+1 , where ∆ 4 p t =ln(P t )-ln (P t-4 ) , is considered as a proxy to measure the return on holdings of goods, and its coefficient should thus be negative, i.e. γ 3 <0, as goods (e.g real estate) are an alternative to money. According to Ericsson (1993, 309) , the exclusion or inclusion of inflation in this equation is an issue of dynamic specification. For a comprehensive discussion of the literature on money demand see also, inter alia, Laidler (1993) and Hoffman and Rasche (2001) . Bahmani-Oskooee and Rhee (1994) argue that the expected sign for γ 4 could be positive or negative and this is an empirical issue.
In order to have a valid model for the money demand function, there should be at least one cointegrating vector in the system. The Johansen (1991 Johansen ( , 1995 multivariate cointegration technique is used in this paper to test the existence of a long-run equilibrium relationship among the variables specified in equation (1). A brief description of this technique is presented below.
Let us consider the following VAR of order q:
where y t is a k-vector of I (1) variables (e.g. in this study k=5 and the variables are m-p, y,
RL-RS, π
e and er.), and x t is a d-vector of exogenous variables (e.g. in this study we have only one exogenous variable and that is ∆FR), and w t is a vector of white noise residuals.
Following Johansen (1991 Johansen ( , 1995 , equation (2) can also be rewritten as: Johansen (1991 Johansen ( , 1995 .
An important step before using the Johansen multivariate technique is to determine the time series properties of the data. This is an important issue since the use of non-stationary data in the absence of cointegration can result in spurious regression results. To this end, two unit root tests, i.e the ADF test, and the Kwiatskowski-PhillipsSchmidt-Shin (KPSS) test, have been adopted to examine the stationarity, or otherwise, of the time series data. In this paper the lowest value of the Schwarz Information Criterion (SIC) has been used as a guide to determine the optimal lag length in the ADF regression. These lags augment the ADF regression to ensure that the error term is white noise and free of serial correlation. In addition to the ADF test, a KPSS test has been performed for all the variables. Unlike the ADF test, the KPSS test has the null of stationarity, and the alternative indicates the existence of a unit root. A lag length of four is chosen in the KPSS test for the lag truncation parameter ( l ) in the testing procedure as autocorrelation is highly likely to be of order 4 in quarterly data.
The Data
The nominal demand for M3R in NZ exhibited an average growth of 1.6 per cent per quarter from 1988:2 to 2002:2 or 6.5 per cent per annum. What are the major long-and short-run determinants of the demand for money during the last fourteen years? Based on the theoretical framework discussed in Section 2, the objective of this paper is to answer this question.
Before embarking on our empirical quest, it is important to look at the sources and definitions of the data presented in Table 1 . Quarterly time series data employed for the period 1988:1-2002:2 are as follows: nominal M3R (m), the consumer price index (p), real GDP-production or y, (m-p) , the rate of return on 10-year government bonds as a proxy for RL, the interest rate on 90-day bank bills as a proxy for RS, ∆ 4 p t+1 as a proxy for the expected annualised inflation rate, the real effective (TWI) exchange rate denoted by er, and the long-run rate of return on Treasury bonds in the US as a proxy for FR.
Following the literature, RL, RS, FR and the expected rate of inflation are expressed as fractions, whereas the other variables are in logs and thus shown in lowercase. Figure 1 presents the plots of time series data employed in this study for the 1988:1-2002:2 period. incorporate longer-term interest rates in the demand for money function so as to capture financial asset substitutions. As mentioned earlier, M3R is the broadest monetary aggregate, and therefore RL is best proxied by a "long-run rate" such as the rate of interest on 10-year government bonds, a security with the longest maturity for which the quarterly time series data are available. The broader the definition of money, the longer rates would be more relevant.
Prior to undertaking an empirical investigation of the sources of demand for M3, it is essential to determine the time series properties of the data. In order to make robust conclusions about stationarity or otherwise of the data, the ADF and the KPSS tests are utilised. The empirical results of the ADF and KPSS tests are summarised in 
Empirical Results and Policy Implications
Since all the variables in equation (1) are I(1) and ∆FR in equation (3) is I(0), the Johansen (1991 Johansen ( , 1995 multivariate cointegration technique can now be used to test the existence of a long-run equilibrium relationship for M3. Following Coenen and Vega (2001) , an unrestricted intercept and a linear trend in the variables but not in the cointegrating vectors enter the system. The first important step in this test is to determine the optimal lag length (q) in equation (3). Because the sample size is relatively small, one needs to use parsimonious lag selection criteria. Allowing for an upper band of 4 lags, two lag selection criteria of the HQ (Hannan-Quinn information criterion) and the SIC have been employed to determine q. Based on these criteria (not reported here but available from the author upon request), the optimal lag length is q=1. It should be noted that Siklos (1995b) in his empirical analysis of the demand for money for NZ (using the same number of observations or 14 years of quarterly data) has also chosen the SIC as a more parsimonious lag selection criterion. Various diagnostic tests indicate that the system of equations with one lag is well behaved. Table 3 reports the results of the Johansen multivariate cointegration test on the demand for M3R as formulated in equation (1).
According to both the trace and max-eigenvalue tests there is robust evidence of one cointegrating vector at the 1 per cent level.
From Table 4 the long-run parameters are seen to be of consistent sign and orders of magnitude and highly significant. It should be noted that the eigenvalue associated with the first vector (0.57) is considerably higher than those corresponding to the other vectors, thereby validating that there exists a unique cointegrating vector in the system. As can be seen from the results obtained from the cointegrating vector in Table 4 , the long-run demand for (m-p) is negatively related to the interest rate spread (defined as RL-RS), the expected inflation rate and the real effective exchange rate. The discussion of these long-run coefficients is presented later in this section. Table 4 also shows the estimated adjusted coefficients (αs), which can be used to test for weak exogeneity. The adjustment coefficients contain weights with which cointegrating vector(s) enter short-run dynamics. Given that this study finds only one cointegrating vector, Table 4 presents the first column of the α matrix. These coefficients measure the speed of the short-run response to disequilibrium occurring in the system. Before proceeding any further, it is essential to test for weak exogeneity of the four variables on the right hand side of equation (1) with respect to (m-p). The
Johansen method enables analysts to test for weak exogeneity by imposing zero restrictions on the weighting coefficients of α y , α RL-RS , α πe , and α er . One should note that the ec term is significant and correctly signed (-0.213) in the VEC equation for (m-p). Table 5 , inter alia, presents the test results for separate and joint restrictions on the weighting coefficients. As can be seen from the separate and joint zero restrictions on the corresponding αs, the ec term is highly significant for in the VECs or the shortrun dynamic equations for ∆(m-p) and ∆(RL-RS), but not for ∆y, ∆π e and ∆er. Therefore, these results indicate that while income, inflation and the exchange rate are weakly exogenous with respect to real money balances, the interest rate spread is not. Let us now test the null of γ 1 =1. As seen from Table 5 , the estimated long-run income elasticity (1.47) seems reasonably above unity which is in stark contrast with the quantity theory of money and other studies for developed countries, e.g. Beyer (1998) in his study of M3 in Germany, Coenen and Vega (2001) in their recent study of M3 in the Euro area, and Ericsson (1998) in his analysis of the narrow demand for money in the UK. Nevertheless, one needs to test formally the γ 1 =1 assumption on the cointegrating vector. Table 5 also presents the likelihood ratio (LR) test result for this restriction.
Given that χ 2 (1)=6.5 [probability=0.011], one can easily reject the null of γ 1 =1 at 1 per cent level. Consistent with the results obtained by Razzak (2001) , Siklos and Eckhold (1997) and Siklos (1995a and 1995b) , it can be concluded that the quantity theory is not applicable in the context of NZ.
Attention is now directed on the discussion of the long-run coefficients. The estimated cointegrating vector is presented below. 
As seen from equation (4), one per cent increase in real income stimulates the real demand for M3R by almost 1.5 per cent. The intercept coefficient in equation (4) captures things like technological change in financial instruments and increases in wealth etc. Given that the estimated coefficients of -4.03 and 4.08 are the semielasticities for RL-RS and π e , respectively, one can argue that the impact of an increase in the interest rate spread on real money balances is almost the same as that of the expected inflation rate. As mentioned earlier, the interest rate spread is not weakly exogenous with respect to (m-p). This simply means that to some extent a change in real money balances can also affect RL-RS. However, this does not imply that the RBNZ can fully control the interest rate spread. Consistent with theoretical postulates discussed in Section 2, the cointegrating vector clearly shows that an increase in the expected rate of inflation or a depreciation of NZ dollar can encourages agents to diversify their portfolios in the economy by acquiring real domestic assets and/or foreign financial assets.
The magnitude of the estimated coefficient for ec (the error correction term) in the VEC model (reported later in this section, Table 6 ) indicates that the lagged excess money will reduce holdings of money by 31 per cent in each quarter. It is interesting to note that Siklos and Eckhold (1997) in their quest for modeling income velocity in NZ also find a similar fast adjustment process (i.e. 33%). Therefore, every quarter 31 per cent of the divergence between the short-run demand for real balances from its longterm path is eliminated.
From the significant adjustment coefficient for ∆(RL-RS) reported in Table 4 (i.e. 
where ij ϕ are the estimated short-term coefficients; θ is the feedback effect or the speed of adjustment, whereby short-term dynamics converge to the long-term equilibrium path; and the lagged dependent variables are added to ensure that v t (or the residual) is white noise.
Starting with a maximum lag of four for q 1 to q 6 , the general-to-specific methodology is now used to omit the insignificant variables in equation (5) The estimated coefficients have been correctly signed, with the change in the rate of return on non-financial assets (as proxied by the expected inflation rate) and the interest rate spread having current negative semi-elasticities of -0.368 and -0.717, respectively. Note also that the short-run income elasticity is well below unity (0.27).
This "suggests not only the possibility of economies of scale in the management of M3 holdings but it also signals the potential for a diminution in the information content of M3 as an indicator of monetary policy" (Siklos and Eckold, 1997, p.48) . Furthermore, the feedback coefficient for the ec term is highly significant, validating the significance of the cointegration relationship in the short-run model for money demand. The magnitude of the estimated coefficient for ec indicates that the lagged excess money will reduce holdings of money by almost 32 per cent in each quarter. Thus, in the short run it can be stated that income, the interest rate spread, the expected inflation, and the real exchange rate are the main driving forces of changes in money demand.
As mentioned earlier, γ 4 could be positive or negative and this is an empirical issue. Tables 4 and 6 show that the estimated elasticity for er is negative in the long run but positive in the short run. This implies that the depreciation of NZ dollar can temporarily increase the demand for money in the short run but if the currency depreciation persists over a longer period, agents will substitute other currencies for the NZ dollar in their financial portfolio.
One problem associated with the analysis of the demand for money is nonconstancy or instability of estimated coefficients, which can create economic and econometric complications in deriving any inference from the empirical model. Given extensive financial deregulation and innovations introduced in the 1980s and 1990s, parameter constancy is pivotal in modelling money demand in NZ. Therefore, the estimated short-run model has been evaluated by a number of recursive stability tests displayed in Figure 2 in the following order:
where panel (a) displays the recursive residuals; panel (b) depicts the CUSUM test;
panel (c) illustrates the CUSUM of squares; panel (d) shows the recursive residuals and the corresponding one-step probability; panel (e) plots the recursive residuals and the corresponding n-step probability; and panels (f) to (n) reveal the recursively estimated 9 coefficients over the period 1991:3-2002:1 in the same order that these coefficients appear in Table 6 (from top to bottom). These evaluative tests are useful in assessing stability of a model, as recursive algorithms avoid arbitrary splitting of the sample. In addition to the graphical tests, the two versions of Chow tests (the forecast test and the breakpoint test) have been reported below Figure 2 . Overall, the graphical tests and the Chow tests for stability reveal that aside from a minor and insignificant outlier around 1996, the test results point to the in-sample constancy of the estimated equation. In particular, the recursively estimated coefficients have remained relatively stable since 1997 when the RBNZ published its the Monetary Condition Index.
Conclusion
The Recursive C(1) Estimates ± 2 S.E. Recursive C(2) Estimates ± 2 S.E. Recursive C(3) Estimates ± 2 S.E. Recursive C(7) Estimates ± 2 S.E. Recursive C(9) Estimates ± 2 S.E. 
